Introduction {#sec1-1}
============

Hypertrophic olivary degeneration (HOD) is a rare trans-synaptic neuronal degeneration associated with hypertrophy of the inferior olivary nucleus due to a lesion in the dentato-rubro-olivary pathway (triangle of Guillain-Mollaret). It is an unusual entity as degeneration is accompanied by hypertrophy instead of the more commonly encountered atrophy.\[[@ref1][@ref2]\] It is often associated with symptomatic palatal myoclonus and presents a potentially confusing appearance on magnetic resonance imaging (MRI). Awareness of this entity on MRI is essential to avoid other erroneous ominous diagnoses.

Case Report {#sec1-2}
===========

A 60-year-old lady, a known patient of diabetes mellitus and primary hypertension for the last 15 years, was brought with history of loose motions over last 3 days followed by altered sensorium over last 24 h. Her general physical examination revealed a pulse of 100/min which was regular but low in volume, blood pressure of 100/76 mm of Hg, and respiratory rate of 18/min, along with pallor. On neurological examination, the patient was drowsy with a Glasgow Coma Scale (GCS) of E3M5V4. She had right-sided hemiparesis (muscle power around the shoulder was grade 3 and the power around the elbow was grade 4 with 40% power on hand grip; the right lower limb revealed grade 3-4 power). The deep tendon jerks were exaggerated on the right side. The right plantar was extensor. Sensory examination did not reveal any abnormality. There was evidence of third nerve palsy on the left side as indicated by ptosis, pupillary dilatation and external strabismus. The rest of the cranial nerves appeared normal. Tremor was noted on the right side. There was history of a stroke-like episode about a year ago; however, no imaging was performed at that time. Laboratory investigations revealed microcytic hypochromic anemia (hemoglobin 10 g/dl) and hyponatremia (130 mEq/l). The rest of the biochemical tests were normal.

MRI of the brain (performed on Avanto 1.5T scanner; Siemens, Erlangen, Germany) revealed a lacunar infarct in the superior pons (at the ponto-mesencephalic junction) on the left side in an anterior paramedian location \[[Figure 1](#F1){ref-type="fig"}\]. Both inferior olives were diffusely enlarged, and were hyperintense on Fluid Attenuation Inversion Recovery (FLAIR) and T2W images and isointense on T1W images \[[Figure 2](#F2){ref-type="fig"}\]. There was no restriction of diffusion or abnormal contrast enhancement. Diffusion Tensor Imaging (DTI) was performed by obtaining diffusion-weighted images (DWI) along 25 different directions with a b-value of 1000 s/mm.\[[@ref2]\] Seed regions of interest (ROIs) were placed on both red nuclei and fiber tractography maps were generated. Fractional anisotropy values were also calculated for both sides by placing ROIs on either side \[[Figure 3](#F3){ref-type="fig"}\]. There was decreased volume of the central tegmental tract on the left side without any displacement or deformation and there was suboptimal visualization of the central decussation \[[Figure 4](#F4){ref-type="fig"}\]. The fractional anisotropy (FA) value was also lower on the left side (0.142 on the left vs. 0.439 on the right).

![A panel of (A) axial FLAIR and (B) T1W MRI images showing a lacunar infarct in the superior part of the pons on the left side (white arrows)](IJRI-24-401-g001){#F1}

![A panel of (A) FLAIR axial (B) T2-weighted coronal, and (C) FLAIR sagittal MRI images showing the hypertrophy of bilateral medullary olives (arrows). Hyperintensity is also noted in the enlarged olives](IJRI-24-401-g002){#F2}

![Seed regions of interest (ROIs) were placed on both red nuclei (A) and fractional anisotropy (FA) values were generated (B)](IJRI-24-401-g003){#F3}

![Tractography image showing decreased volume of the left central tegmental tract (white arrow) without any displacement or deformation and non-visualization of the central decussation (yellow arrow)](IJRI-24-401-g004){#F4}

The location of the infarct in the region of the central decussating fibers, which form a part of the triangle of Guillain-Mollaret, would explain the non-visualization of the central decussation, decreased volume of the left central tegmental tract, and bilateral olivary abnormality, thus confirming a diagnosis of bilateral HOD. The absence of displacement or deformation of the central tegmental tract ruled out similar appearing brain stem tumors or masses. The patient was treated with intravenous fluids and her dyselectrolytemia was corrected. Her diabetic control was adequate and she was discharged after a week with residual right-sided hemiparesis, ptosis and tremor.

Discussion {#sec1-3}
==========

HOD is a rare and unusual trans-synaptic neuronal degeneration in which degeneration is accompanied by hypertrophy. The perceived rarity of the condition may be partly ascribed to the lack of awareness of this entity. In this condition, the inferior olivary nucleus appears swollen and the normal convolutions are obscured.\[[@ref1]\] This phenomenon follows deafferentiation of the inferior olivary nucleus due to injury to the dentato-rubro-olivary pathway or the triangle of Guillain-Mollaret that connects the ipsilateral red nucleus and inferior olivary nucleus with the contralateral dentate nucleus.\[[@ref2]\] Efferent fibers from the dentate nucleus traverse in the superior cerebellar peduncle and connect to the contralateral red nucleus after decussating in the brachium conjunctivum. From the red nucleus, efferent fibers traverse through the central tegmental tract to the ipsilateral inferior olivary nucleus and thence to the contralateral cerebellum via the inferior cerebellar peduncle to complete the triangular circuit \[[Figure 5](#F5){ref-type="fig"}\].

![Schematic line diagram depicting the triangle of Guillain- Mollaret](IJRI-24-401-g005){#F5}

HOD usually appears at around 3 weeks following an injury to the afferent pathway.\[[@ref3]\] On histopathology, the neurons appear large, deformed, and show vacuolation, with marked astroglial reaction.\[[@ref1]\] Numerous etiological factors can damage the dentato-rubro-olivary pathway leading to HOD, like infarction, trauma, tumors and vascular malformations, demyelination, infection, hemorrhage, or surgery.\[[@ref3][@ref4]\] This entity has been reported in both adults and children.

Patients usually present with dentato-rubral or Holmes' tremor, palatal myoclonus, and ocular myoclonus. These abnormal involuntary motor movements are thought to arise from failure of inhibition of the inferior olive as many of the supplying nerve fibers from the dentate nucleus are primarily inhibitory or GABAergic. Holmes' tremor is defined as a slow (2-5 Hz) rest and intentional tremor (and possible postural tremor) that occurs after a variable delay following injury to the aforementioned pathway. Palatal tremor is a rhythmic involuntary movement that appears mainly in the soft palate. Palatal tremors are not always seen in patients with HOD, but HOD is always found in patients with palatal myoclonus.\[[@ref2][@ref5]\]

Depending on the location of the offending lesion, the pattern of HOD might have one of the following features: (a) lesion in the brainstem - HOD unilateral and ipsilateral to the lesion, (b) lesion in the cerebellum or cerebellar peduncle - HOD unilateral and contralateral to the lesion, (c) midline lesion in the region of brachium conjunctivum affecting both central tegmental tracts - bilateral HOD, and (d) lesion in unilateral brainstem and cerebellum - bilateral HOD. \[[Table 1](#T1){ref-type="table"}\].\[[@ref2][@ref3][@ref4][@ref6]\]

###### 

Pattern of HOD depending on location of the offending lesion

![](IJRI-24-401-g006)

Goto *et al*. have described six phases of pathological changes in chronological order from the onset: (a) no change within 24 h, (b) degeneration of olivary amiculum (peripheral white matter) after 2-7 days, (c) mild olivary hypertrophy due to neuronal enlargement at 3 weeks, (d) olivary enlargement due to neuronal enlargement and astrogliosis at 8.5 months, (e) olivary pseudohypertrophy due to neuronal chromatolysis and swollen, reactive astrocytes (gemistocytes) at and beyond 9.5 months, and (f) olivary atrophy due to neurolysis and degeneration of the amiculum in a few years.\[[@ref7]\]

A meta-analysis of MRI findings in 45 patients by Goyal *et al*. showed that increased olivary signal on T2W images first appeared 1 month after the inciting lesion and persisted for at least 3-4 years. Olivary hypertrophy initially appeared on imaging studies obtained 6 months after the acute event, and resolved by 3-4 years. They also demonstrated three distinct MR stages in HOD and established specific time intervals for these changes: (a) Stage 1 shows increased signal on T2W and proton density-weighted images without hypertrophy of the olive and occurs within the first 6 months of ictus, (b) Stage 2 shows both increased signal intensity and hypertrophy and ends when hypertrophy resolves at approximately 3-4 years after ictus, and (c) Stage 3 only shows increased signal intensity and begins at the time hypertrophy resolves. This stage persists indefinitely.\[[@ref8]\] These MRI findings correlate with the pathologic changes described by Goto *et al*. Proliferation of mitochondria in the glial cells in the early stages of HOD shows up as increased metabolic activity on positron emission tomography.\[[@ref9]\]

Focal high signal intensity on T2W images on MRI within the anterolateral medulla is not pathognomonic of HOD. Similar signal changes may also be noted in demyelination, infections such as tuberculosis or AIDS, inflammatory conditions like sarcoidosis, infarction, Wernicke-Korsakoff syndrome, and malignant conditions like metastases, lymphoma, or gliomas. The presence of an inciting lesion in the brainstem or cerebellum, signal changes confined to the olivary nucleus with or without enlargement, and absence of contrast-enhancement correlating with the temporal profile should suggest the diagnosis of HOD.\[[@ref2][@ref6]\]

MRI fiber tractography can demonstrate disruption of the triangle of Guillain-Mollaret and can be useful in the diagnosis of HOD when findings on conventional MRI imaging are equivocal.\[[@ref10]\] Dincer *et al*., apart from documenting disruptions in the triangle of Guillain-Mollaret in HOD, showed increase in radial and axial diffusivity in the inferior olives, representing demyelination and neuronal hypertrophy, respectively.\[[@ref11]\]

In our patient, a lacunar infarct was present in the superior pons (at the ponto-mesencephalic junction) on the left side in an anterior paramedian location. This can be an asymptomatic and innocuous finding in an elderly patient. The finding of enlarged hyperintense inferior olives is also not specific to HOD as discussed earlier. The demonstration of an offending lesion in the vicinity of the pathway of Guillain-Mollaret on conventional MRI and neuronal tract abnormalities without displacement/deformity depicted on fiber tractography played a complementary role in the diagnosis of this entity.

We have to be, however, mindful of the fact that tractography using DTI only provides a Gaussian distribution of diffusion along neuronal fibers in limited directions and may be prone to biases. DTI does not depict crossing fibers as well as Diffusion Spectrum Imaging; however, the latter demands higher hardware and longer acquisition times.\[[@ref12]\]

Conclusion {#sec1-4}
==========

HOD is a rare trans-synaptic degeneration of the inferior olives that presents as hypertrophy rather than atrophy due to a lesion in the triangle of Guillain-Mollaret. The condition may be associated with palatal myoclonus or other movement disorders. It may present a potentially confusing appearance on imaging, and knowledge of the condition and its MRI characteristics can prevent erroneous diagnoses of more sinister diseases.
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